The hypothesis that the perceptual organization dysfunction of patients with poor premorbid schizophrenia is due to a deficit in global visual sensory store processing was tested by assessing their ability to process symmetrical configurations that develop early and have strong prepotent structures. Two same-different judgment tasks in which performance varies as a function of the symmetrical organization and task demands were administered to participants with good and poor premorbid schizophrenia, those with mood disorders, and normal controls. Like the other groups, poor premorbid schizophrenics' latency and error response patterns closely paralleled the a priori model of adequate processing. The results support their competence in perceptually processing symmetrical configurations and disconfirm the hypothesis that their input deficiencies represent a general deficiency in all forms of perceptual organization. The implications for specifying their early input dysfunction are discussed.
judgments regarding stimulus familiarity (Potter, 1976) . Recent evidence suggests that Stage 1 and Stage 2 processes operate in parallel (Heinze & Munte, 1993) and interact so that contextual information and attentive strategies may, in a top-down fashion, guide Stage 1 perceptual processes that have traditionally been considered lo be automatic and preattentive.
Although deficit models implicating both stages have been proposed (see Knight, 1992 Knight, , 1993 , for a discussion of these), the preponderance of evidence suggests the adequacy of schizophrenic patients' Stage 1 sensory store and points to deficiencies in either allocation of attention or consolidation of information in STVM . The findings of several studies (Rabinowicz et al., 1996; Silverslein, Knight, et al., 1996; Silverstein, Matteson, & Knight, 1996) suggest that perceptual organization deficits in schizophrenia are not due to early perceptual processes per se (e.g., Stage 1) but to impaired feedback to Stage 1 from postperceptual processes and possibly from inadequacies in Stage 2 functioning. Knight (1993) speculated that poor premorbid schizophrenic patients were deficient in automatizing (Logan, 1988 (Logan, , 1990 ) their responses to unstructured stimuli over repeated exposures to stimuli (i.e., developing a rapid parallel processing or perceptual organization of stimulus components), because either their attemional allocation or consolidation deficiencies in STVM interfered with the development of adequate memory representations. Such top-down influences on the development of automaticity are generated on the basis of previous exposure to the organizational scheme of stimulus components (Kosslyn & Koening, 1992) .
There is a wide variance both in the prepotency of perceptual structures and in the speed with which automatic responding to various stimuli is learned by adults (Logan, 1988 (Logan, , 1990 . Thus, stimuli vary considerably in the degree to which top-down capabilities are involved in their perceptual processing. If postperceptual rather than perceptual processes are responsible for poor premorbids' perceptual organization deficiencies, a research strategy that assesses their perceptual organization capabilities over a range of stimuli that vary in the degree to which they demand top-down processing capacities could both test the hypothesis of the adequacy of their sensory store and illuminate the nature of their deficits. The present study is the first in a series of studies in which the demand that stimuli place on postperceptual processing was varied. This study focused on the processing of symmetrical stimuli, which require minimal top-down involvement.
A pattern is symmetrical when it can be reoriented and mapped onto either another part of the pattern or the whole pattern. Symmetry, which is a fundamental organizational principle (Hochberg, 1978) , is prepotent (Rock, 1983; Rock & Leaman, 1963) , early developing, and possibly innate (Ballesteros, Millar, & Reales, 1998; Bornstein, Ferdinandsen, & Gross, 1981; Bornstein, Gross, & Wolf, 1978; Wagemans, 1995; Yonas & Granrud, 1985) . It is considered a fundamental visual primitive to which the visual system is predisposed (Biederman, 1987) and which consequently draws attention (Julesz, 1971) . Symmetrical configurations are initially organized as gestalts and depend minimally on top-down influences for their structure, not requiring contact with memory representations (Peterson, 1994) . In the biological world, vertical axis bilateral symmetry predominates (e.g., faces; Moller, 1992; Pensini, 1995; Sackheim, Our, & Saucy, 1978) . Its prevalence contributes to its perceptual salience, and its informational redundancy may lead to more efficient encoding (Barlow & Reeves, 1979) .
If patients with schizophrenia were deficient in their perception of symmetry, it would suggest a primary deficit in global visual sensory store processing (Stage 1) that would likely have pervasive disabling effects on processing at subsequent stages. If they were found to have intact perception of symmetry, this would suggest that perceptual processing in the sensory store is adequate, at least for prepotent structures, and that their perceptual organizational deficits may reflect a failure of top-down influences. We designed this study so that the pattern of responding For specific deficiencies could not be explained by a general information-processing deficit (Chapman & Chapman, 1978a , 1978b Knight, 1984) . We made use of data that indicated that symmetrical configurations are initially processed as gestalts and consequently inhibit judgments of elements in physical match tasks but facilitate name match task judgments (e.g., Fox, 1975; Mermelstein, Banks, & Prinzmetal, 1979) . We adapted two visual matching studies of Ryder (1982a, 1982b) for patient samples. They demonstrated that in normal participants symmetric letter-pair configurations took longer to match than pairs that produced asymmetric configurations when the task was to decide whether the two letters were physically the same (e.g., the same letter in the same orientation). In contrast, when the task was to match on the basis of letter identity (e.g., same letter name regardless of orientation), the presence of certain types of symmetry (vertical axis bilateral [VAB| and translational [TRA] ) facilitated performance. These findings were interpreted to suggest that symmetrical configurations are initially processed as a gestalt (Stage 1) that has to be broken down in STVM to compare elements for the physical match lask. In the name match task, because only same-letter pairs produce symmetrical configurations, VAB and TRA symmetry can be used as a "diagnostic" for sameness and facilitate performance. Thus, symmetry inhibits a physical match of individual elemenls, but VAB and TRA symmetry facilitate a name match.
If schizophrenic patients, and particularly poor premorbids, have a perceptual organization deficit such that they fail to perceive symmetrical configurations as a gestalt, this pattern of results should be reversed for them (see the relative superiority strategy in Knight, 1984) . Symmetry should not interfere with their performance of the physical match task, and TRA and VAB symmetry should not enhance their performance in the name match task. If, however, as we hypothesized, poor premorbids have intact early perceptual processes, they should perform like controls in the physical match task. They should perceive symmetrical configurations as gestalts and be slower in responding to them. If their perceptual organization deficit is the result of their difficulty using top-down influences lo process visual information efficiently, unlike control participants, they should not be able to use TRA and VAB symmetry as a diagnostic to facilitate their performance of the name match task. Thus, this paradigm provides a direct test of the adequacies of poor premorbids' Stage 1 processing of highly organized patterns and an indication of the functioning of their postperceptual processes. Although this paradigm does not directly test the adequacy of STVM, the finding of difficulty in postperceptual facilitation in the name mask condition of processing would be consistent with a deficit in STVM.
In sum, each hypothesis predicts a different pattern of results for the poor premorbid schizophrenia patients' performance: (a) Stage 1 sensory deficit would predict that symmetry would neither interfere with performance in the physical match task nor facilitate it in the name match performance; (b) their performance would be consistent with the Stage 2 explanation if symmetry were to interfere in the physical match but TRA and VAB symmetry were not to help in the name match; (c) a hypothesis of adequate early visual processing would predict that poor premorbid schizophrenia patients' performance would parallel that of control participants; and (d) the general deficit hypothesis would predict that the poor premorbid schizophrenia patients' performance deficiencies would vary with the difficulty level of the conditions.
Method

Participants
Criteria for selection of patient participants. The patients were 30 hospitalized male veterans from the psychiatric wards of Edith Nourse Rogers Memorial Veterans Hospital in Bedford, Massachusetts. We reviewed the medical records of all patients who were diagnosed as psychotic and selected patients who met the following entry criteria: (a) age between 18 and 50 years, (b) no history of any independent condition or neurological disorder that might affect brain function, (c) no history of alcohol or drug dependence, and (d) no electroconvulsive therapy within 6 months prior to testing. After obtaining permission from the treating physician, potential participants were asked to participate and were screened to determine that they met the following additional criteria: (e) at least low-average intelligence on the Shipley Institute of Living Scale (Shipley, 1940) and (f) normal or corrected-to-normal vision, tested with the Snellen Eye Chart.
Twelve male hospital maintenance and grounds staff and hospital volunteers with no history of psychiatric illness as determined by interview and who also met the age, IQ, and vision criteria served as a normal control group. Of these 12 participants, 6 performed both matching tasks, and the remaining 6 performed the physical match task only. All of the participants in the patient groups performed both matching tasks. All of the participants gave informed consent, and the Institutional Review Board at the hospital approved the experimental protocol. Participants were paid for their participation, Diagnostic procedure. After the experimental data were collected on a preliminary pool of 41 hospital-diagnosed schizophrenic and nonschizophrenic psychotic patients, these patients were independently diagnosed according to Research Diagnostic Criteria (RDC; Spitzer, Endicott, & Robins, 1980) by a clinical psychologist and one or both of two trained research assistants, all of whom were unaware of the patients' performance on the matching tasks. Diagnoses were based on detailed medical abstracts prepared according to a procedure described elsewhere (Knight, Sherer, & Shapiro, 1977) .
Eleven patients were excluded from further analyses on the basis of having the following primary diagnoses: 9 schizoaffee live, 1 personality disorder, and 1 posttraumatic stress disorder. Of the remaining 30 participants, the initial diagnoses given by the two raters differed for 4, yielding an initial agreement rate of 88%. In the 4 cases of disagreement, a consensus diagnosis was reached during discussion after a second clinical psychologist also diagnosed the case.
Of the 30 patients, 20 met RDC and Diagnostic and Statistical Manual of Mental Disorders (4th ed., DSM-IV; American Psychiatric Association, 1994) criteria for schizophrenia, and 10 met both RDC and DSM-IV criteria for mood disorder (bipolar disorder or major depressive disorder). The mood-disordered participants, referred to as affecrives, formed a nonschizophrenic psychotic control group, whose members shared many char acteristics with the schizophrenic group, including psychosis and hospital! zation.
Premorbidity criteria. Participants were rated on Farina's (Farina, Garmezy, & Barry, 1963; Farina, Garmezy, Zalusky, & Becker, 1962) adaptation of the Phillips Scale (L. Phillips, 1953) on the basis of participants' responses to DeWolfe's (1968) General Information Questionnaire (GIQ). Two of three judges independently rated a sample of questionnaires, yielding a high interrater reliability, r(2Q) = .93, A single rater rated the remaining questionnaires. Schizophrenic patients with average Phillips scores of 14 and below were considered good premorbid (n = 10), and those with scores of 15 and above were considered poor premorbid (n = 10). The division is arbitrary and should not be interpreted as a taxonomic classification. We used the traditional dichotomy for the convenience of prediction and data analysis.
Descriptive data for the subgroups. Descriptive data for the diagnostic groups are presented in Table 1 . Analyses of variance (ANOVAs) were computed to compare the groups. The changes in the degrees of freedom in these ANOVAs reflect missing dala, as indicated in Table I . The four groups did not differ in age (F < 1) but did differ in years of education, F(3, 32) -3.22, p < .05. A Newman-Keuls multiple-range test revealed that the normal participants had more education than the other three groups (p < .05).
In the remaining descriptive analyses, only the patient groups were compared. The three patient groups did not differ in days of hospitalization, than both schizophrenic groups (p < .05). The two schizophrenic groups did not differ on their Shipley scores. Newman-Keuls differences also emerged for mean Phillips premorbidity scores. As expected because of selection criteria, poor premorbid schizophrenics had higher scores (i.e., poorer premorbid social competence) than die good premorbid schizophrenics (p < .01). The affective participants were mixed in their premorbidity scores (range = 10.5 to 21); they had lower scores (i.e., better premorbid social competence) than the poor premorbid schizophrenics (p < .05) and higher scores than the good premorbid schizophrenics
Medication. We did not control for medication status. All of the patients were taking conventional antipsychotic or antidepressant medications. Hospital policy precluded instituting drug withdrawal for the present study. Withdrawing patients from antipsychotic medication before testing has been shown to create disabling sampling biases. Participant loss due to patients' refusal of medication withdrawal or relapse due to withdrawal may combine to produce a sample that is not representative of the clinical population (Spohn & Fitzparrick, 1980) . Previous work has demonstrated that medicated and unmedicated patients do not perform differently on perceptual organization tasks (Rabinowicz, Knight, Bruder, Owen, & Gorman 199^V and the perceptual oreani7ation deficit has been demonstrated among unmedicated schizophrenic patients (. Frith, Stevens, Johnstone, Owens, & Crow, 1983) .
A one-way ANOVA revealed a nearly significant overall group difference, F(2, 19) = 3.36, p = .056. for chlorpromazine equivalents between patient groups. A Newman-Keuls test indicated only that good premorbid schizophrenics had higher doses than did affective participants. Correlations between chlorpromazine equivalents and 32 performance variables were computed for the entire sample, and three significant relationships emerged. For two variables, higher medication levels were associated with greater response latencies, r(20) -.54 and .59. p < .01. There was no apparent reason why these particular variables should have been differentially affected by medication level. Because the two schizophrenic groups, whose performance was expected to differ on the experimental tasks, did not differ in dosage levels, we concluded that there was no clear evidence that medication level was a confounding variable in this study.
Stimuli
The stimuli used for both matching tasks were negative slides of Hershenson and Ryder's (1982a Ryder's ( , 1982b letter-pair stimuli, which consisted of combinations of the uppercase letters F, G, J, L, and R in either normal (N), reversed (R), or inverted (I) orientations. The letters in each pair were either the same or different. When a pair comprised two of the same letter, the different orientation combinations produced configurations that were symmetrical in one of the four ways described by Weyl (1952) : rotational (ROT), horizontal axis bilateral (HAB), vertical axis bilateral (VAB), or translational (TRA). We henceforth refer to these configural patterns as symmetry types, which comprise both same and different letter pairs producing, respectively, both symmetrical and asymmetrical configurations. Each symmetry type is defined in reference to a preliminary element (in this study, a letter) that is reproduced to produce a two-letter stimulus in accordance with specific rules. After this manipulation is completed, the original element and its transformation combine to form, in the case of the same-letter pairs, a symmetrical unit. A spatial configuration is symmetrical with respect to a point; that is, it possesses ROT symmetry, if there exists a point in the figure ahout which it may he rotated by less than 360°t o reproduce the figure. A configuration is symmetrical with respect to a line or plane, that is, possesses bilateral symmetry (either HAB or VAB), if it is carried into itself by reflection in the line or plane. Finally, a configuration possesses TRA symmetry if a translation carries every point of one part of the configuration into corresponding points of another part of the configuration. Corresponding different-letter pairs were considered asymmetric. These stimulus and symmetry types are illustrated in Table 2. The physical match task required participants to judge whether a stimulus contained the same letter in the same orientation. The stimuli were 60 same-letter pairs with TRA symmetry (20 each of NN, RR, and II orientations); 10 same-letter pairs each of ROT, VAB, and HAB symmetry types; 15 different-letter pairs with TRA arrangement (5 each of the three orientations); and 5 different-letter pairs each of the ROT, VAB, and HAB arrangements. Of these 120 pairs for the physical match task, 60 required a same response (same-letter, same-orientation pairs), and 60 required a different response (same-letter, different-orientation pairs and all differentletter pairs). Because some symmetrical configurations required a same response and others required a different response, the same-different judgments were not confounded by the presence of symmetry.
The name match task required participants to judge whether the letter was the same regardless of orientation. The stimuli were 30 same-letter pairs with TRA symmetry; 10 same-letter pairs each of ROT, VAB, and HAB symmetry types; 30 different-letter pairs with the TRA arrangement; and 10 different-letter pairs each of the ROT, VAB, and HAB arrangement. Under the name match instructions, all same-letter pairs (60) required a same response, and all different-letter pairs (60) required a different response. Although all of the symmetrical configurations required a same response and all of the asymmetrical configurations required a different response, different forms of symmetry (.TRA, VAB, HAB, and ROT) weic predicted to yield distinct response patterns. Therefore, same-different judgments were not confounded with the expected patterns of results.
Apparatus
The stimuli were projected on the center of a rear-projection screen through one channel of a Gerbrands Model Gl 177 automatic three-channel slide projection tachistoscope. A second channel was used to present a negative image of two faint parallel horizontal lines, each bisected by a dot, which served as an adapting field and identified the area within which the 
Procedure
Each patient participant was given DeWwife's GIQ, the ShipleyHanford test, and the two matching tasks. The first two were administered according to standard procedure (DeWolfe, 1968; Shipley, 1940) .
Each participant was oriented to the apparatus and was provided a brief explanation of the function of the tachistoscope and the voice-operated relay. He was then given standard instructions for either the physical or the name match task, depending on his order condition. He was shown a 12 X 17 cm card with five same match exemplars and a 12 X 17 cm card with five different exemplars and was instructed about the judgments he was to make. If he had any questions, we answered these by restating parts of the instructions and using the examples to explain. To clarify the nature of the task and to acquaint Ihe participants with its requirements, we preceded each experimental procedure with a practice set consisting of 30 stimuli composed of pairs of the letters A, B, K, T, and Y in the same form as in the experimental sets. A trial consisted of a 500-ms warning tone and a 100-ms stimulus that appeared 500 ins after the offset of the tone. Participants were told to fixate between the dots bisecting the lines in die fixation field when the tone sounded and to respond same or different as quickly and as accurately as possible when the stimulus appeared. Verbal support was given throughout the practice procedure, and instructions were restated, if a participant was not responding according to the instructions. All of the participants were able to perform the tasks. RTs and responses were recorded as the dependent measures. For the experimental conditions, each set of 120 slides was divided into five equal subsets so that each subset was a proportional representation of the entire stimulus set (i.e., each subset had one fifth of the total number of each different type of letter pairs). Within each subset, the 24 slides were randomized with the constraint that no more than three stimuli with the same orientation combination would appear consecutively. At the beginning of each subset of slides were 2 slides with task-orienting stimuli, one requiring a same and one a different response. Data from these slides were not used in the analyses. Within each task, the order of the five stimulus subsets was counterbalanced using a Latin square design, so that any particular order was repeated after every 5 participants were tested, and the order of instruction conditions (physical first vs. name first) alternated with successive participants.
Detailed analyses of the task order effects for both RT and percentage correct yielded only one significant result. All other effects were not only insignificant but also had inconsequential effect sizes. In the physical match ANOVA for the percentage of errors (four-way ANOVA with two repeated measures: 4 Groups X 2 Orders [before/after name match] X Symmetrical-Asymmetrical x 4 Symmetry Types), order did interact with group, F(3, 34) = 13.22, p < .001. Whereas both normal controls and affective participants who had the physical match task second made more errors than those who had it first, both good and poor premorbid schizophrenics made fewer errors in this task when it was second. This interaction should not affect the interpretation of the results for several reasons; (a) The focus of the a priori hypotheses was RT performance for correct responses, in which order was not significant; (b) the overall error rate of all groups was low (range -3% to 5%); (c) groups did not differ significantly from each other in their error rates (see Results); and (d) in the error rates ANOVA, order did not interact with any factors or set of factors except group. Therefore, for all physical and name match analyses, the two order groups were combined.
A break of approximately 2 min followed the presentation of each subset, and at least 10 min separated the two instruction conditions. Most participants completed the testing on 1 day during two sessions. The entire testing procedure, including the Shipley-Hartford, the GIQ, and the experimental tasks, required approximately 2.5 hr. Upon completion of the study, participants were paid for participation and given a brief explanation of the study.
Data Analysis
The TRA pairs with normal-normal orientation were excluded from analyses (as in Hershenson & Ryder's [1982a , 1982b studies) because of the overriding effect of familiarity in responding to these stimuli. Because of instabilities typically found in the RT performances of most schizophrenics, RT analyses were calculated using the median RT of correct responses to minimize the effect of extreme responses.
Results
Physical Match
RT performance.
A three-way ANOVA with repeated measures on two factors (4 Groups X Symmetrical-Asymmetrical x 4
Symmetry Types) was calculated on the median RT for the correct responses in the physical match task. As can be seen in Figure 1 , the schizophrenic groups were slower than the normal controls, 1050 :
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750 : Figure 1 . Median correct reaction times (RTs) and standard errors on the symmetrical and asymmetrical versions of the four symmetry types in the physical-matching task for normal controls, nonschizophrenic affectively disordered patients, and good and poor premorbid schizophrenics. VAB = vertical axis bilateral symmetry; TRA = translational symmetry; HAB = horizontal axis bilateral symmetry; ROT = rotational symmetry; GPM = good premorbid; PPM = poor premorbid. 
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Name Match
RT performance. A three-way ANOVA with repeated measures on two factors (4 Groups X Symmetrical-Asymmetrical X 4 Symmetry Types) was computed on the median RTs for the correct responses in the name match task. As can be seen in Figure 2 , the schizophrenic groups were slower than normal controls, F(3, 32) = 4.43, p < .025 (p < .05 by Newman-Keuls test for each group comparison). The affective participants produced intermediate RTs that were not different from those of the normal controls Because the a priori hypotheses for the name match task focused on the VAB and TRA conditions, in which symmetry either did not interfere with or facilitated the match, separate two-way ANOVAs with repeated measures on one factor were calculated on each of these symmetry types (4 Groups X Symmetrical-Asymmetrical).
We calculated a priori contrasts (Rosenthal & Rosnow, 1985) on each symmetry type separately, testing the hypothesis that poor premorbids in contrast to all other groups were not able use VAB and TRA symmetry as diagnostics of sameness (i.e., that latencies to symmetrical stimuli were faster than those to asymmetrical stimuli for all groups but the poor premorbids). The critical contrast was significant for VAB stimuli, F(l, 32) = 9.59, p < .005, but not for TRA stimuli, F(l, 32) = .83, p > .50. An examination of the VAB symmetrical-asymmetrical latencies for the four groups (see Figure 2 ) reveals that symmetrical stimuli elicited longer latencies than asymmetrical stimuli only for poor premorbid schizophrenics, F(l, 9) = 19.87, p < .005 (all other Fs < 1). For the TRA symmetrical-asymmetrical latencies, all groups were faster on the symmetrical than the asymmetrical stimuli, but the difference between these conditions reached significance only for the normal controls and the affective patients, F(l, 5) = 14.95, p < .025 and F(l, 9) = 9.44, p < .025, respectively. Errors. A three-way ANOVA with repeated measures on two factors was calculated on the percentage of errors within each condition for the name match task (4 Groups X SymmetricalAsymmetrical X 4 Symmetry Types). Good premorbid schizophrenics made more errors (10%) than normals (3%), F(3, 32) = 2.95, p < .05 (p < .05 by Newman-Keuls test). Poor premorbid schizophrenics (6%) and affectives (6%) made a moderate number of errors, differing neither from good premorbids nor from normals. The error rate for good premorbids was, however, different only for the symmetrical stimuli, F(3, 31) = 4.23, p < .025, in which they differed from all other groups (p < .05 by Newman-Keuls tests). Their accuracy on asymmetrical stimuli was equivalent to that of other groups, F(3, 31) = 0.71, p > .50. Thus, the interaction of group and symmetrical-asymmetrical approached significance, F(3, 32) = 2.72, p < .07. There was neither an interaction between group and symmetry type, F(9, 96) = 0.83, p > .50, nor an interaction among group, symmetrical-asymmetrical, and symmetry type, F(9, 96) = 0.54, p > .80.
Participants made more errors on symmetrical than asymmetrical patterns, F(l, 32) = 29.79, p < .001. They also made fewer errors on both VAB and TRA stimuli than on both HAB and ROT stimuli, F(3, 96) = 20.15, p < .001 (p < .01 by Newman-Keuls test), and they made more errors on HAB than ROT stimuli (p < .05 by Newman-Keuls test). Moreover, they responded differently to the various symmetry types, depending on whether they were symmetrically or asymmetrically configured, F(3, 96) = 10.56, p < .001. They showed the overall pattern of symmetry type errors described above only to symmetrical stimuli, F(3, 105) = 21.45, p < .001, and not to asymmetrical stimuli, F(3, 105) = 1.52, p > .20.
When we examined the error rates for the VAB and TRA symmetry conditions, using two-way ANOVAs with repeated measures on the second factor (4 Groups X SymmetricalAsymmetrical), the only significant effect to emerge was from the VAB stimuli analyses, in which all participants made more errors to symmetrical stimuli, F(l, 32) = 5.11, p < .05.
Post hoc analysis of order effects. Although no factors interacted significantly with group in the name match order analyses for the RTs, examination of the data revealed a different pattern of RT findings for VAB stimuli in poor premorbid schizophrenics (see Figure 3) . For normal controls, the relative performance on the symmetrical and asymmetrical versions of VAB did not vary as a function of order of presentation (either the name or physical match task first). For the affective and good premorbid schizophrenic participants, VAB symmetrical configurations elicited longer response latencies than asymmetrical configurations when the name match task was first. When the name match task was presented after the physical match task, the reverse occurred: VAB symmetrical stimuli yielded slightly, but not significantly, faster RTs than their asymmetrical counterparts. For poor premorbid schizophrenics, the VAB symmetrical configurations elicited longer latencies, regardless of task order. Indeed, poor premorbid schizophrenics were the only group that had significantly longer latencies on the VAB symmetrical configuration, when the physical task was presented first, F(l, 4) = 16.80, p < .025. In contrast, in parallel analyses of the TRA name match order effects, all groups showed faster RTs for symmetrical stimuli, regardless of the order of task presentation. This suggests that the use of TRA symmetry as a diagnostic for the same name was rapidly learned by all groups during the first session.
Discussion
In a pair of tasks in which performance has been found to vary as a function of the symmetrical organization of the stimuli, poor premorbid patients with schizophrenia showed overall response patterns in both RTs and error rates that closely paralleled those of normal controls, affective participants, and good premorbid schizophrenics. These findings demonstrate that poor premorbids' perception of symmetrical configurations as gestalts during early visual processing is intact and that they do not have a general deficiency in all types of perceptual organization. The only performance difference manifested by the poor premorbids was in their ability to take advantage of VAB symmetry as a diagnostic of sameness in the name match task. This suggests some inefficiencies in the top-down influences on their perceptual processes. Because all of the participants were male, the generalizability of these findings to women must be established.
Physical Match
In the physical match task, the pattern of the results was very clear and consistent with the findings of Hershenson and Ryder (1982b) . For all groups, all forms of symmetry inhibited physical matching performance, as indicated by the longer latencies to and greater number of errors on symmetrical than on asymmetrical configurations. VAB symmetrical patterns, the configuration rated by normals as most symmetrical (Hershenson & Ryder, 1982b) and the symmetry type that we have suggested has the greatest ecological validity (McBeath, Sciano, & Tversky, 1997; Moller, 1992; Pensini, 1995; Sackheim et al., 1978) , had the greatest effect on RTs for all groups. These findings support the hypothesis that all groups processed symmetrical stimuli as gestalts that had to be broken down so that element comparison could proceed. It is important lo emphasize that the inferences of congruity of responding across groups and of the adequacy of poor premorbids' processing of symmetrical configurations in the physical match are not based solely on the failure of groups to interact with any experimental condition, which might conceivably be attributed to a failure of sufficient power to detect differences. Rather, this conclusion is based on the significant rejection for the poor premorbid patients of the null hypothesis of no differences between critical conditions that parallel the performance of all control groups. Three alternative explanations for this pattern of results must be considered. First, an exhaustive search explanation would argue that same responses require an exhaustive search, whereas different responses terminate when the first difference is encountered (Proctor, 1981) . Although this explanation could account for performance in the TRA condition, in which same and different judgments were confounded with symmetry conditions, both symmetrical and asymmetrical VAB, HAB, and ROT stimuli required different responses. Thus, the longer latencies to symmetrical configurations for these symmetry types could not be accounted for by positing that same responses require an exhaustive search.
VAB in Name Match
Second, an inhibition deficit explanation (e.g., Frith, 1979; McGhie & Chapman, 1961) might posit that poor premorbids' slowness to symmetrical stimuli in the physical match task may not be due to their ability to process and be affected by symmetry, but rather to their being overly influenced by and unable to inhibit the sameness of the name in the symmetrical VAB, HAB, and ROT conditions. Such an explanation cannot account either for poor premorbids' increased RT to symmetrical versus asymmetrical stimuli in the TRA condition or for their larger symmetricalasymmetrical difference for TRA than for the other symmetry types.
The third alternative explanation for the pattern of results stems from the work of Royer and his associates (Royer, 1966 (Royer, , 1971a (Royer, , 1971b Royer & Friedman, 1973; Royer & Janowitch, 1973) , who found that pairs of elements that are equivalent through rotation and reflection operations are more difficult for participants to discriminate and remember. Consequently, one may hypothesize that the longer latencies to the symmetrical stimuli for all participants may be due to the greater difficulty in discriminating among elements in an equivalent set (same letters) than among the elements from different sets (different letters), and not from the processing of symmetrical configurations as gestalts. This confusability explanation cannot account for the finding that across all participant groups within the symmetry (same-letter) condition stronger forms of symmetry (VAB and TRA-those with greater developmental prepotency and higher organization ratings) were found to interfere more with performance (i.e., produced longer latencies) than weaker forms of symmetry (ROT and HAB; p < .001). In contrast, there was no effect of strong versus weak forms of configuration (p -.49) for the asymmetrical (different-letter) condition. Although these results suggest that it was not simply the effect of having the same letter or an equivalent set by virtue of reflection or rotation that increased RT, but it was the degree of symmetry of the stimulus, they do not completely rule out the hypothesis that "confusability" was having some effect. Consequently, a separate study directly testing this alternative hypothesis was carried out. Using the same letter stimuli as the present study, Farkas (1999) demonstrated that breaking the perceptual gestalt by increasing the spatial separation between the letter-pair stimuli reduced or eliminated the slowing of RT attributed to symmetry. Because this spatial manipulation should break the potency of the symmetrical configurations (Tyler, Hardage, & Miller, 1995) but leave intact same-letter confusability, (his study corroborates the hypothesis that symmetry rather than confusability is (he operative factor in the present experiment.
Name Match
In the name match task, the pattern of responses to TRA, HAB, and ROT configurations was similar for all groups. As in Hershenson and Ryder's (1982a) study, HAB and ROT symmetrical stimuli inhibited the name match. Apparently, these symmetrical configurations were processed as whole perceptual units, but symmetry was not used as a diagnostic of sameness. Thus, the gestalt had to be broken into component parts, which were rotated and compared. Such rotation increased both RT and error rates in these conditions (Corballis, Zbrodoff, Shetzer, & Butler, 1978a , 1978b White, 1980) . In contrast, participants appeared to be able to take advantage of TRA symmetry as a diagnostic (Fox, 1975) for sameness and bypass the subsequent gestalt breaking, rotation, and comparison steps, thereby decreasing their RTs.
The only group difference in the pattern of performance in the name match task was to the VAB configurations. Here, as in Hershenson and Ryder's (1982a) study of normal participants, the symmetry of the configuration appears to have acted neither as a facilitator nor as an inhibitor of performance for the normal, the affective, and the good premorbid schizophrenic participants. For the poor premorbid schizophrenic patients, the VAB symmetrical patterns inhibited their performance. Interestingly, when affective and good premorbid schizophrenic control participants were presented the name match condition first, VAB symmetrical stimuli slowed their latencies. In contrast, when the physical match condition preceded the name match task, their relative latencies on the symmetrical and asymmetrical versions of VAB stimuli switched.
Thus, greater familiarity with the stimuli appears to have enhanced their ability to use the presence of this type of symmetry as a diagnostic. Poor premorbid schizophrenic patients had slower latencies on the VAB symmetrical configurations as compared with the asymmetrical stimuli regardless of the order of task presentation, suggesting that, in contrast to the other patient groups, they failed to learn to use this response strategy. This singular variation in the response pattern of the poor premorbids does not suggest a problem with the wholistic perceptual processing of symmetrical configurations. Rather, it implicates their implementation of top-down response strategies. This deficit may be a matter of degree rather than kind. The ability of both affectives and good premorbids to use VAB symmetry as a diagnostic seems to have depended on familiarity with the stimuli (i.e., they were more able to use symmetry when the physical match was first). Poor premorbid schi/opliK-nu ['.nicnls aia) require more experience before they can implement such a strategy. In the TRA condition, in which all groups were apparently able to use this form of symmetry as a diagnostic quickly, with little practice, poor premorbids did not differ in the pattern of their performance.
Tt is important to be clear about the status of the data supporting inferences about the differences in poor premorbid schizophrenics' performance. Poor premorbids' unique inability to use VAB symmetry as a diagnostic in the name match was predicted a priori and was significant. In contrast, the order effects analysis for this symmetry type was post hoc. Even though the pattern of results in this analysis was consistent with the proposed model of deficiencies in top-down influences on perceptual processes in poor premorbid schizophrenics, such results have substantially less weight than a corroborated a priori prediction. Also, predictions that were not realized necessarily qualify conclusions. We predicted, but did not find for poor premorbids a similar difficulty with TRA symmetry in the name match task. Finally, in contrast with the affective and the good premorbid participants, the normal control participants did not show the increased use of symmetry as a diagnostic in the VAB condition as a function of increased stimulus familiarity and practice. From the beginning, they responded equally quickly to symmetrical and asymmetrical VAB configurations but never showed the symmetry advantage manifested by the affectives and good premorbids.
Despite these qualifications, this pattern of results across groups does suggest a way to integrate the findings of the present experiment with previous research on schizophrenics' perceptual organization. In the physical match task, symmetry automatically imposed a perceptual structure that had to be broken to complete the task. In the VAB and TRA symmetrical stimulus conditions in the name match task, participants accustomed to processing stimuli wholistically could turn this disadvantage into a processing advantage. In contrast, poor premorbids, who have deficiencies in processing wholistically, may only be passively overwhelmed by a prepotent structure, as is evident in the physical match task, but may not actively make strategic use of such information. Their deficiencies in processing wholistically may lead to a propensity to process the elements of stimuli sequentially. They may not, as other groups, have used TRA symmetry in the name match task as a diagnostic, but they may have benefited from an RT advantage for the sequential processing of the physical sameness (i.e., same letter in the same orientation). If they were processing these letters sequentially, the first letter could serve as a facilitating prime for processing the second (Proctor, 1981) , and thereby could have reduced their response latency (Kwapil, Hcgley, Chapman, & Chapman, 1990) . Their apparent inability to use such a priming advantage in the physical match TRA symmetry condition weakens this interpretation, but their failure to benefit from priming in this condition might also have reflected the greater inhibitory effect of organization in a physical match task (Mermelstein et al., 1979) .
Overview
Our findings indicate that poor premorbids adequately perceive symmetry, which is a prepotent, early developing form of organization that requires little experience to be perceived automatically as a perceptual whole. They appear to have deficits in the less potent, less automatic, later developing forms of perceptual organization that depend more on learning and prior "cognitive" deci-sions (Rock, 1983) . These latter forms of organization have been the focus of the previous studies that have found deficiencies in poor premorhids' perceptual organizational capacities (Cox & Leventhal, 1978; Frith et al., 1983; Orlowski, Kietzman, Dornbush, & Winnick, 1985; Place & Gilmore, 1980; Wells & Leventhal, 1984) . Put in terms of Phillips and Singer's (1997) neurophysiological model, these data would suggest the poor premorbids are adequate in their system of feed-forward connections between basic feature detectors that yield neurons that are maximally responsive to correlated activity, such as that involved in the processing of parallelism, collinearity, and other gestalt properties (Hochberg, 1978) . They show deficiencies, however, in the subsequent system of linkages of these correlated activity-specific neurons into dynamic, functionally coherent cell assemblies that can represent the wide range of feature combinations corresponding to real-world objects. The system of feed-forward connections is susceptible to experience-based modification during development (Miller, Keller, & Stryker, 1989; Rauschecker & Singer, 1979) , but later becomes fixed (Crair & Malenka, 1995) . In contrast, new corticocortical connections between functionally coherent cell assemblies, based on experience and context, are capable of being formed during adulthood (Singer, 1995) . The present study indicates that all schizophrenic patients are sensitive to strongly configural patterns, such as symmelry, and suggests a relatively normal development of the feed-forward system. Other data (see suggest that the ability to dynamically form coherent cell assemblies based on experience and context is impaired in poor premorbid schizophrenic patients (Silverstein, Bakshi, Chapman, & Nowlis, 1998) . Although the data from this study do not test directly the viability of STVM and automatization hypotheses, the pattern of findings is certainly consistent wilh a model that proposes that poor premorbid schizophrenics' perceptual organizational difficulties arise only with stimuli that tax their ability to automatize input (Knight, 1993) .
This and previous studies demonstrate the usefulness of a process-oriented approach for delineating the early processing impairments of poor premorbid schizophrenic patients. The process-oriented strategy (Knight, 1984; Knight & Silverstein, in press ) makes use of well-established models from cognitive psychology to predict specific theory-driven patterns of performance within and across tasks that would occur under conditions of adequate and inadequate functioning of specific stages of processing. It is the pattern of performance and not the performance on any one condition or task that is important. This approach treats the "general deficit" (Chapman & Chapman, 1978a , 1978b ) as an alternative model and uses paradigms in which, like the present one, specific deficit and general deficit models predict distinguishable, unconfounded patterns of results. It is clear that the specific patterns yielded in the present study covaried with a priori hypotheses for a specific deficit and were inconsistent with the general deficit model's prediction of covariation of group discrimination with the difficulty level of conditions.
